Intracellular redox changes during apoptosis.
In the current paradigm for apoptotic cell death, the activity of a family of proteases related to interleukin 1-beta converting enzyme (ICE) orchestrates the multiple downstream events (such as cell shrinkage and chromatin degradation) that comprise apoptosis. A variety of stimuli can induce this type of cell death. One of the most reproducible inducers is mild oxidative stress, although it is unclear how an oxidative stimulus activates ICE-like proteases. Oxidative modification of proteins and lipids have also been observed in cells undergoing apoptosis in response to non-oxidative stimuli, suggesting that intracellular oxidation may be a general feature of the effector phase of apoptosis. However, attempts to consistently detect a requirement for reactive oxygen species in apoptosis have been inconclusive. Recent experiments revealing that apoptosis is typically accompanied by a depletion of intracellular reduced glutathione (GSH) are also discussed. In JURKATT lymphocytes treated with antibodies to the Fas/APO-1 surface receptor, this depletion results from an accelerated efflux of the reduced thiol rather than any intracellular oxidation. As GSH is the most abundant cytosolic reductant, we propose that its efflux may provide a non-oxidative mechanism by which the reducing environment of apoptotic cells is lost. An increase in oxidative damage to proteins and lipids would then result even in the absence of an increase in the production of oxidants. This may explain the seemingly contradictory findings that increased oxidative stress is not required for apoptosis even though antioxidants often inhibit the process and peroxidised products accumulate in apoptotic cells.